A 59-year-old man with a history of prostate hyperplasia was admitted to our hospital for further examination of a lung mass and renal dysfunction. Lung biopsy specimens revealed that inflammatory cells had infiltrated into the blood vessel walls. We initially suspected lymphomatoid granulomatosis, but Epstein Barr virus-encoded small RNA was negative. However, 50% of the infiltrating plasma cells were positive for IgG4. Furthermore, the kidneys and prostate contained abundant IgG4-positive plasma cells. He was diagnosed with IgG4-related sclerosing disease even though serum IgG4 levels were not elevated (45.7 mg/dL). Prednisolone reduced the lung masses and ameliorated renal function, but the serum IgG4 level increased (377 mg/dL). Seronegative IgG4-related sclerosing disease should be considered when patients present with such symptoms and treatment responses, and the secretion of IgG4 might be blocked by its active synthesis.
Introduction
Kamisawa and Okamoto originally proposed IgG4-related sclerosing disease (IgG4-RSD) while studying autoimmune pancreatitis (AIP) (1) . Abundant infiltration of IgG4-positive plasma cells and lymphocytes with fibrosis in various organs are characteristic features of IgG4-RSD. Serum IgG4 levels are significantly increased and useful for diagnosis (2) . Lung involvement in IgG4-RSD has increasingly been discovered and it usually manifests as inflammatory pseudotumors (3, 4) or interstitial pneumonia (5, 6) . Grade 1 lymphomatoid granulomatosis (LYG-G1)-like lesions characterized by lymphoplasmacytic vasculitis might also be features of IgG4-related lung disease (7) (8) (9) .
Here, we describe a patient with LYG-G1-like lung lesions with abundant infiltration of IgG4-positive plasma cells in the lungs, kidneys and prostate despite being seronegative for IgG4-RSD. We also discuss the possible pathological mechanisms of seronegative IgG4-RSD.
Case Report
A 59-year-old man had been treated with α-blocking agents since being diagnosed with prostatic hyperplasia accompanied by urinary frequency and dysuria two years previously. He had ill-defined consolidation in both lungs at a medical check-up for prostatic hyperplasia. Computed tomography (CT) revealed nodular lesions in both lower lobes (Fig. 1A) . Fluorodeoxyglucose positron emission tomography (FDG-PET) revealed accumulation in the right lower lobe, mediastinal lymph nodes, kidneys and prostate (Fig. 1B) . Clinically, lung cancer was suspected, and bronchoscope was performed. However, histological examination
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was negative for malignancy. He was referred to our hospital for further evaluation. Video-associated thoracoscopic lung biopsy specimens revealed vasculitis-like lesions, namely inflammatory cells that had massively infiltrated the walls of the blood vessels and subendothelium. Inflammatory cells comprised small lymphocytes and plasma cells without atypical cells ( Fig. 2A and B) . Although the pathology indicated a diagnosis of LYG, in situ hybridization showed that the patient was negative for Epstein Barr virusencoded small RNA (EBER). The lung masses gradually increased after surgery (Fig. 1C) that the serum IgG4 level was not elevated. Values for antinuclear antibody, myeloperoxidase-anti-neutrophil cytoplasmic antibody (MPO-ANCA), proteinase-3-anti-neutrophil cytoplasmic antibody (PR3-ANCA) and rheumatoid factor were 1:320 (homogeneous pattern), 1.8, 5.1 and 65 IU/mL, respectively. Anti-SS-A/Ro and anti-SS-B/La antibodies were negative. The serum creatinine level was 1.40 mg/dL at the time of surgery, but increased to 2.46 mg/dL on admission. An abdominal CT scan showed swelling of both kidneys and a renal biopsy revealed widespread interstitial fibrosis and tubular atrophy accompanied by massive infiltration of lymphocytes, plasma cells and rare eosinophils. Immunostaining showed that the infiltrating plasma cells were IgG and IgG4 positive (Fig. 2D, E and F) .
Prostate tissue samples obtained by transrectal biopsy showed lymphocyte and plasma cell infiltration. Many IgG 4-positive cells had infiltrated into the prostate (Fig. 2G, H and I) .
We diagnosed IgG4-related lung disease, interstitial nephritis and prostatitis and started the patient on oral prednisolone (PSL; 40 mg/day) for 21 days and then tapered the dose. A CT scan one month later showed that the lung mass had become smaller (Fig. 1C) . His renal function improved (creatinine, 1.18 mg/dL) and the frequency of urination decreased without α-blockers. 
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Despite the clinical improvements conferred by PSL, serum IgG4 levels were notably increased 1-month following the start of treatment; serum levels of total IgG and IgG subclass were as follows: total IgG, IgG1, IgG2, IgG3 and IgG4, 1,697, 963, 720, 27.4 and 377 mg/dL, respectively. Thereafter, the serum IgG4 level decreased to 105 mg/dL 6 months following the start of treatment (Fig. 3) .
Discussion
Angiocentric and angiodestructive infiltration of lymphocytes and plasma cells characterize rare LYG, which predominantly involves the lungs (10). The exact pathogenesis of LYG is unknown, but it is now considered to be an EBVassociated B cell lymphoma. The disease is graded from I to III based on the number of atypical EBV-positive B cells and the presence of necrosis (11) . Few (<5/HPF) or absent EBV-positive B cells together with absent or minimal necrosis are features of LYG-GI. Although the histological findings of the present patient were similar to those of LYG-G1, the abundance of IgG4-positive plasma cells indicated IgG4-related lung disease.
The prognosis of LYG-G1 is variable (12) as some patients have an excellent response to corticosteroid, whereas others progress to malignant lymphoma. One explanation might be that some of the lesions that were described as LYG-G1 were actually IgG4-related lung disease. Thus, LYG-G1 without EBV-positive B cells might be a heterogeneous disease and LYG-G1 might be classifiable as true LYG-GI (EBV-related) and LYG-G1-like (IgG4-related) types. IgG4-related LYG is rare as IgG4-related lung diseases and we compiled the past cases into Table 1 .
The present patient did not have elevated serum IgG4 despite the abundant infiltration of IgG4-positive plasma cells in the lungs, kidneys and prostate. In contrast to initial reports indicating that 95% of patients with AIP have high serum levels of IgG4 (2), a recent study found that the sensitivity of serum IgG4 to diagnose AIP is actually 76% (34 of 45 patients), which is quite low. That is, 11 patients in that study were seronegative for AIP (13) . Importantly, among the 11 patients with normal serum IgG4 levels, tissues in seven of them were abundantly infiltrated with IgG4-positive
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plasma cells, a sign that is considered the gold standard for a diagnosis of IgG4-RSD. Thus, seronegative IgG4-RSD clearly exists. However, the mechanism of seronegativity in patients with IgG4-RSD has not been studied to date.
One possible explanation for the seronegativity is that serum IgG4 levels reflect disease extent and/or activity. Various organs of patients with AIP associated with high levels of IgG4 have IgG4-positive plasma cells, whereas they are confined to the pancreas of patients with normal serum IgG 4 levels (13). However, this explanation was unlikely for our patient because IgG4-positive plasma cells had abundantly infiltrated various organs and his serum IgG4 level increased after corticosteroid therapy.
We considered that the mechanism of seronegativity in the present case is defective in the process of secretion not in the structure of IgG4, because the serum IgG4 levels became high following the start of corticosteroid therapy. Immunoglobulin (Ig) synthesized by ribosomes in plasma cells enters the rough endoplasmic reticulum (RER) and is secreted directly from the RER. The precise mechanism of IgG secretion from plasma cells is unknown. However, most of the Ig synthesized in patients with multiple myeloma is abolished via the Golgi apparatus, that is, plasma cells suppress Ig secretion (self-control) when plasma cells actively synthesize Ig (14) . Likewise, the secretion of IgG4 may be suppressed by active synthesis of IgG4 in IgG4-RSD. The IgG4 level in the present patient increased after therapy with corticosteroid, which directly suppresses Ig synthesis, indicating that his plasma cells could not secrete IgG4 due to suppression through active Ig synthesis. Thus, the most plausible explanation for the seronegativity of our patient might be as follows. Active synthesis blocked IgG4 secretion, and then corticosteroid suppressed the synthesis which restored IgG4 secretion from the plasma cells. However, in the previous cases with seronegative IgG4-RSD, structural defects in plasma cells have not been proven and serum IgG 4 levels have not been examined following the start of corticosteroid therapy. Serum IgG4 levels should be examined following the start of corticosteroid therapy to establish the precise mechanism of seronegativity in IgG4-RSD.
The negative predictive value of the serum IgG4 level for AIP is very high (99%) because IgG4-RSD is rare (13) . Nevertheless, the recognition of seronegative IgG4-RSD is important because the absence of high serum IgG4 levels could delay a diagnosis of IgG4-RSD and worsen the prognosis.
The kidneys and prostate of the present patient also contained abundant IgG4-positive plasma cells. Tubulointerstitial nephritis (TIN) is most widely recognized as an IgG4-related renal disease and biopsy specimens show dense lymphoplasmacytic and eosinophilic infiltration with fibrosis and atrophic renal tubules (15) . The histological findings of our patient were compatible with those of IgG4-related TIN. Chronic prostatitis is classified by the National Institutes of Health into 4 major types according to the underlying cause and clinical presentation, whereas IgG4-related prostatitis is rarely reported (16) . Category III prostatitis is characterized by lower genitourinary symptoms and a non-infectious etiology including autoimmunity has been proposed. Category III prostatitis might include IgG4-RSD. In summary, we described LYG-1-like lung lesions with abundant infiltration of IgG4-positive plasma cells in the lungs, kidneys and prostate despite normal serum IgG4 levels. Interestingly, the IgG4 level increased after corticosteroid therapy. This experience indicates that seronegative IgG 4-RSD is a disease entity and that a histological examination is mandatory for diagnostic confirmation.
